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(57) Abstract 

A system and method for integrating a priority-based quality of service in CDMA communication systems that implement data 
packet transmission, in order to effectively allocate radio resources. Data packet transfers are selectively allocated over a wireless interface 
operating under a Code Division Multiple Access (CDMA) protocol. A nominal bit rate is established for each user desiring access to the 
CDMA interface. A relative packet priority is calculated for each of the data packets based on an actual bit rate at the source of the CDMA 
interface and the established nominal bit rate. An allowable packet priority is calculated for the CDMA interface based on a signal-to-noise 
ratio of the CDMA interface, and those of the data packets having a relative packet priority greater than or equal to the allowable packet 
priority of the CDMA interface are transmitted across the CDMA interface. 
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CDMA COMMUNICATION SYSTEM AND METHOD USING PRIORITY- 
BASED SIMA QUALITY OF SERVICE CLASS 

FIELD OF THE INVENTION 

5 

The present invention relates generally to Code Division Multiple 
Access (CDMA) communication systems, and more particularly, to a system and 
method for integrating a priority-based quality of service in CDMA communication 
systems that implement data packet transmission, in order to effectively allocate 
10 radio resources. 

BACKGROUND OF THE INVENTION 

Future mobile cellular networks must be able to support data 
is communication, particularly packet data communications. One question that is 

raised is how the radio resources are to be allocated in a system that transports data 
packets over the radio interface in an asynchronous manner. For example, where a 
mobile terminal transmits and receives internet protocol (IP) data packets, the radio 
resource may be used without any predictable pattern. Therefore, it would be 

2 o beneficial to have a system and method that effectively allocates radio resources 

among different connections. One radio communications scheme that could provide 
such a radio interface for data communications is CDMA. The present invention 
describes various manners in which data packets can be communicated via a CDMA 
communications system, such that congestion problems can be effectively managed. 
25 In order to fully appreciate the concept, purpose, and advantages of 

the present invention, a general understanding of Code Division Multiple Access 
(CDMA) radio technology is necessary. CDMA technology is fundamentally based 
on spread spectrum modulation. Generally, spread spectrum modulation is a type of 
modulation that scatters data transmissions across an available frequency band in a 

3 o pseudorandom pattern. Spreading the data across the frequency spectrum causes the 

signal to be more resistant to noise, and has a high tolerance to jamming and signal 
interception. 



l 
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A spread spectrum signal is one that is transformed with a function 
e(c) using a code c. The code, typically a pseudo-random code, is a sequence that is 
combined with the data signal to transform the initial narrowband signal into a 
wideband signal that can have the appearance of a noise signal. The effect of this 
5 transformation is illustrated in Fig. 1, which includes Figs. 1A, IB and 1C. 

Referring first to Fig. 1A, a narrowband signal S n 10a is shown in the 
frequency domain having a bandwidth B n . The signal S„ 10a is transformed by the 
function e(c) using a code c to produce the wideband signal S w 10b having 
bandwidth B w as shown in Fig. IB. To create the wideband signal S w , the 
10 narrowband signal S n is "spread out" using the function e(c) over the increased 

bandwidth B w , typically using a spreading technique such as direct sequence (DS) or 
frequency hopping (FH). These spreading techniques are well-known in the art. 
The wideband signal S w 10b is then transmitted, and the targeted receiver applies the 
same function e(c) based on code c to the transmitted wideband signal S w 10b to 
15 reproduce the initial narrowband signal S n 1 0c, as shown in FIG. 1 C. 

The term Code Division Multiple Access indicates that there can be 
several signals carried within the same frequency band or "channel" using different 
codes. This is possible because only the signal with the correct code c; can be 
reproduced into the narrowband signal at the targeted receiver. Signals transmitted 

2 o with other codes cfc are not decoded at that particular receiver, and these other 

transmitted signals will have a noise-like appearance at the receiver. Fig. 2 
illustrates this concept. 

Fig. 2A represents two independent narrowband signals S n ' 20a and 
S n 2 22a. These two signals could represent two independent data transmissions, 
25 voice transmissions, or the like. Narrowband signal S n ' 20a is transformed using 
code cj of the spreading function e(c j), and narrowband signal S n 2 22a is 
transformed using code C2 of the spreading function e(c2), to respectively produce 
wideband signals Sj 20b and S w 2 22b shown in Fig. 2B. The targeted receiver for 
original narrowband signal S n ' 20a decodes the signal using the same code c; to 

3 o reproduce the narrowband signal S n ' 20c as shown in Fig. 2C. However, because 

that particular targeted receiver does not include the code C2, signal S w 2 22c is not 
decoded, and remains a wideband signal S n 2 22c as illustrated in Fig. 2C. The 
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overlapping signal area represented by block 24 represents the noise imparted to the 
signal S n ' 22c due to the wideband signal S w 2 22c. 

As the number of signal transmissions over the common wideband 
channel increases (e.g., the number of concurrent users increases), it appears to the 
5 reproduced narrowband signal as an increase in background noise. This is illustrated 
in Fig. 3, which represents the signals seen at a particular signal receiver. As was 
described in connection with Fig. 2C, the overlapping area 24 is seen by the receiver 
as noise, so additional signals that are not decoded by that receiver are seen as 
cumulative noise. For example, Fig. 3 depicts a reproduced narrowband signal S n ' 

10 30, and four other undecoded wideband signals S w 2 32, S w 3 34, S w 4 36, and S w 5 38. 
Each of the undecoded wideband signals cumulatively increases the noise on the 
decoded narrowband signal S n ' 32, as illustrated by overlapping noise blocks 40, 42, 
44 and 46. Thus, the signal/noise ratio (SNR) of a single user decreases with the 
increasing number of users or transmitted signals in the common wideband channel. 

15 At some limit N max , the number of users cannot be increased any more or the 

individual resulting narrowband signals become too weak. In practice, the users 
with the weakest signal due to distance and radio conditions are first to lose their 
radio connection. 

In order to guarantee an adequate signal-to-noise ratio (SNR) for 

2 o existing connections, a control system is required. This would allow a new user to 

utilize the communication interface only where an adequate SNR would still be 
available after the new signal has been included in the common wideband frequency 
channel. 

One prior art method of appropriating an acceptable number of users 
25 is to count the number of users, and allow new users to be included on the 

communication interface only if the number of users remains below a predetermined 
maximum number. In such a case, there is no distinction between users, and all 
users are treated equally. It is essentially a first-come, first-served system. 
However, this type of system does not take into account the various needs of 

3 o different users, and particularly their willingness to pay for a higher degree of 

certainty that their connection will be made available. Thus, a future third 
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generation network cellular system must be able to differentiate the user desires and 
needs. 

Such a fixed differentiation system may pose complexity problems 
however. This rigid differentiation scheme does not take into account the magnitude 
5 of short term connections that transport relatively short data packets. This type of 
system would lack efficiency by disallowing many short term transfers, and would 
inevitably waste available bandwidth capacity. 

Therefore, there is a need in the communications industry for a 
communications control system that allocates radio resources using a dynamically 
10 variable priority-based system. Such a system would account for individual users' 
willingness to pay more for a higher degree of transmission certainty, or to pay less 
for noncritical applications. The present invention provides such a system while 
avoiding the potential complexities and inefficiencies of more rigid schemes. The 
present invention therefore overcomes the aforementioned and other shortcomings of 
is the prior art, and provides these and additional advantages over the prior art. 

SUMMARY OF THE INVENTION 

The present invention is directed to a system and method for 
integrating a priority-based quality of service in CDMA communication systems that 
2 o implement data packet transmission, in order to effectively allocate radio resources. 

In accordance with one embodiment of the invention, a method is 
provided for selectively allocating data packet transfers over a wireless interface 
operating under a Code Division Multiple Access (CDMA) protocol. A nominal bit 
rate is established for each user desiring access to the CDMA interface. A relative 

2 5 packet priority is calculated for each of the data packets based on an actual bit rate of 

the source at the CDMA interface and the established nominal bit rate. An allowable 
packet priority is calculated for the CDMA interface based on a signal-to-noise ratio 
of the CDMA interface, and those of the data packets having a relative packet 
priority greater than or equal to the allowable packet priority of the CDMA interface 

3 0 are transmitted. 

In accordance with a more specific embodiment of the invention, a 
method is provided for selectively allocating data packet transmission over a 
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wireless interface implementing a Code Division Multiple Access (CDMA) 
protocol, for data packet transmission from a mobile communication unit (MCU) to 
a trunking network in a centralized implementation. A transmit request signal is 
transmitted from the MCU to the trunking network via a signalling channel, and the 
5 trunking network provides a request response to the MCU indicative of whether the 
trunking network will permit the data packet to be transmitted. In providing the 
request response, the trunking network performs a variety of the priority-based 
functions, including establishing the nominal bit rate for each of the users having 
access to the CDMA interface, calculating the relative packet priority for each data 

10 packet based on an actual bit rate of the sourcing unit at the CDMA interface and the 
nominal bit rate established for the corresponding one of the users, calculating a 
current allowable packet priority for the CDMA interface based on a signal-to-noise 
ratio of the CDMA interface, comparing the relative packet priority for each of the 
data packets to the current allowable packet priority of the CDMA interface, and 

15 setting the request response to indicate whether the data packet has a sufficiently 
high relative packet priority to gain access to the CDMA interface. The request 
response from the trunking network is received at the MCU, and the MCU transmits 
the data packets to the trunking network if the request response indicates that the 
relative packet priority is sufficiently high to gain access to the CDMA interface. 

20 In such a centralized embodiment, the trunking network calculates a 

current allowable packet priority for the CDMA interface. In one embodiment, this 
includes determining the number of users or connections currently occupying the 
CDMA interface, determining a maximum number of users that are allowed on the 
CDMA interface such that a predetermined signal-to-noise ratio is not exceeded, 

25 calculating the current load condition on the CDMA interface based on a ratio of the 
number of users occupying the CDMA interface and the maximum number of users 
allowed on the CDMA interface, partitioning a range of possible load conditions into 
a range of allowable priority levels, and assigning the allowable priority level 
corresponding to the calculated current load condition as the current allowable 

3 o priority level for the CDMA interface. 

In accordance with another specific embodiment of the invention, a 
method is provided for selectively allocating data packet transmission over a 
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wireless interface implementing a Code Division Multiple Access (CDMA) 
protocol, for data packet transmission from a trunking network to a mobile 
communication unit (MCU) in a centralized implementation. A nominal bit rate is 
established for each of a plurality of users having access to the CDMA interface. 
5 The trunking network performs a variety of the priority-based functions, including 
calculating a relative packet priority for each of the data packets based on an actual 
bit rate at the CDMA interface and the established nominal bit rate, calculating a 
current allowable packet priority for the CDMA interface based on a signal-to-noise 
ratio of the CDMA interface, comparing the relative packet priority for each of the 

10 data packets to the current allowable packet priority of the CDMA interface, and 
transmitting the data packets from the trunking network to the MCU if the relative 
packet priority of the data packets is equal to or greater than the current allowable 
packet priority of the CDMA interface. 

In accordance with another specific embodiment of the invention, a 

15 method is provided for selectively allocating data packet transmission over a 
wireless interface implementing a Code Division Multiple Access (CDMA) 
protocol, for data packet transmission from a mobile communication unit (MCU) to 
a trunking network in a distributed, or shared, implementation. A nominal bit rate is 
established for each user having access to the CDMA interface. The MCU 

2 o calculates a relative packet priority for each of the data packets based on an actual 
bit rate provided by the source at the CDMA interface and the nominal bit rate 
established for the corresponding one of the users. The trunking network calculates 
a current allowable packet priority for the CDMA interface based on a signal-to- 
noise ratio of the CDMA interface. The current allowable packet priority is 

25 transmitted from the trunking network to the MCU via a signalling channel, and the 
MCU compares the relative packet priority for each of the data packets to the current 
allowable packet priority of the CDMA interface. The data packets are transmitted 
from the MCU to the trunking network if the relative packet priority is equal to or 
greater than the current allowable packet priority at the CDMA interface. 

30 In accordance with another aspect of the invention, a system is 

provided for selectively allocating data packet transfers over a wireless interface 
operating under a Code Division Multiple Access (CDMA) protocol, for data packet 
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transmission between one or mobile communication units (MCU) and a trunking 
network. The system includes a memory to store a nominal bit rate indicator 
assigned to each potential connection of the CDMA interface. A bit rate 
measurement unit receives a data packet that is ready for transmission via the 
5 CDMA interface, and measures the bit rate at which the data packet will be 

transmitted. A packet priority level calculation unit receives the measured bit rate 
(MBR) and the nominal bit rate (NBR) indicator, and calculates a packet priority 
level for the data packet in response to the MBR and NBR. A comparator receives 
the packet priority level and an allowable packet priority level corresponding to the 

10 packet priority level required to access the CDMA interface. The comparator 
compares the packet priority level and the allowable packet priority level, and 
outputs an enable signal indicative of whether or not the packet priority level is 
greater than the allowable packet priority level. An output register enables 
transmission of the data packet when the enable signal indicates that the packet 

15 priority level is greater than the allowable packet priority level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A, IB and 1C are illustrations of a prior art spread spectrum 
conversion from a narrowband signal, to a broadband signal, and back to a 
20 narrowband signal as is used in Code Division Multiple Access (CDMA) 
technology; 

FIGS. 2A, 2B and 2C are illustrations of a prior art CDMA 
conversion of multiple signals; 

FIG. 3 is an illustration of a prior art CDMA conversion from 
25 broadband signals to narrowband signals which illustrates the cumulative noise 
effect of including additional signals in the CDMA channel; 

FIG. 4 is a flow diagram illustrating a general procedure for 
communicating cells of information between a user/network interface and a network 
using a nominal bit rate service in accordance with the present invention; 
3 o FIG. 5 is a system block diagram of a nominal bit rate service 

architecture in accordance with the present invention; 
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FIG. 6 illustrates in greater detail a procedure for transmitting cells of 
information between a user/network interface and a network using a nominal bit rate 
service in accordance with the present invention; 

FIG. 7 illustrates in flow diagram form a general procedure for 
5 filtering cells at a network node in a nominal bit rate service; 

FIG. 8 is a block diagram of an embodiment of a system for filtering 
cells at a network node in accordance with a nominal bit rate service; 

FIG. 9 is a block diagram of an alternative embodiment of a system 
for filtering cells at a network node in accordance with a nominal bit rate service; 
io FIG. 1 0 illustrates an exemplary CDMA cellular network capable of 

incorporating the present invention; 

FIG. 1 1 illustrates an example of a data packet that includes at least a 
portion of the data to be transmitted between the mobile station and the network; 

FIG. 12 is a flow diagram of one embodiment of a process for 
is selectively allocating data packet transfers over a wireless interface operating under 
a CDMA protocol in accordance with the present invention; 

FIGS. 13A and 13B are flow diagrams illustrating one manner of 
providing CDMA-transmitted data packets in the uplink direction (MS to BTS) in a 
centralized, priority-based, packet management system in accordance with the 
20 present invention; 

FIGS. 14A and 14B are flow diagrams illustrating one manner of 
providing CDMA-transmitted data packets in the downlink direction (BTS to MS) in 
a centralized, priority-based, packet management system in accordance with the 
present invention; 

25 FIGS. 15A and 15B are flow diagrams illustrating one manner of 

providing CDMA-transmitted data packets in the uplink direction (MS to BTS) in a 
distributed, priority-based, packet management system in accordance with the 
present invention; and 

FIG. 16 is a block diagram illustrating one embodiment a mobile 

3 o station and trunking network capable of providing CDMA-transmitted data packets 
in the uplink direction (MS to BTS) in a distributed, priority-based, packet 
management system in accordance with the present invention. 
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DETAILED DESCRIPTION OF THE VARIOUS EMBODIMENTS 

In the following description of the various embodiments, reference is 
made to the accompanying drawings which form a part hereof, and in which is 
5 shown by way of illustration various embodiments in which the invention may be 
practiced. It is to be understood that other embodiments may be utilized, and 
structural and functional modifications may be made without departing from the 
scope of the present invention. 

As previously described, it would be beneficial to have a system and 

10 method to effectively allocate radio resources among different connections in a 
communications system such as a CDMA communications system. The present 
invention provides various manners in which data packets can be communicated via 
a CDMA communications system, such that congestion problems and priority 
concerns can be effectively and efficiently managed. 

15 Data congestion is sometimes handled in traditional data networks 

using quality of service (QoS) classes. Each service class includes a number of QoS 
parameters that define the nature of the respective service category. For example, 
the service categories defined in the ATM Forum specification include a constant bit 
rate (CBR) category, a real-time variable bit rate (rt-VBR) category, a non-real-time 

2 o variable bit rate (nrt-VBR) category, an unspecified bit rate (UBR) category, and an 
available bit rate (ABR) category. The present invention is employed within the 
context of a network service class that incorporates a priority-based quality of 
service. This service class, hereinafter referred to as the Simple Integrated Media 
Access (SIMA) service class, provides a network management architecture that 

2 5 addresses the quality of service requirements to support a variety of network 

services, including real-time and non-real-time services. It also provides for the 
implementation of a simple and effective charging capability that accounts for the 
use of network services. 

Thus, the present invention provides for efficient control of data 

3 o packets over a CDMA radio interface using a priority-based protocol, such as SIMA. 

The invention allows for differentiation between users and their corresponding user 
priority, thereby allowing users to pay more for a higher level of service. Currently, 
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CDMA transmissions do not take into account the relative transmission priorities of 
users, which is undesirable for data transmission. 

The CDMA interface can transport various types of data packets, 
including voice, video, data, and so forth, and can provide an interface between a 
5 mobile station (MS) and a cellular trunking network, multiple local area networks 
(LANs), two mobile stations, or any other network interface capable of 
implementing the CDMA protocol. The MS can represent any type of mobile 
communication unit, including a cellular/mobile telephone, computing device, 
facsimile equipment, wireless terminal, or other electronic equipment capable of 

1 o communicating via spread spectrum technology. 

The invention includes assigning each packet to be transmitted with a 
priority value upon transmission of the packet. In one embodiment of the invention, 
this priority is based on a nominal bit rate (NBR) which is pre-assigned for each user 
or flow. A price for each NBR level is established, with higher priorities generally 
15 associated with higher costs. A data rate measurement system measures the 
instantaneous measured bit rate (MBR), and the ratio of the MBR to the NBR 
determines the priority for the packet. With an increasing ratio of MBR to NBR, the 
priority of the packets will decrease, since the actual or measured bit rate will 
increase relative to the established NBR. Depending on the load of the wireless 

2 o interface, the interface channel will be assigned an allowed priority level, PL a . In 

one embodiment of the invention, the load is determined as the ratio of number N 
users to the maximum number of users N max allowed. Thus, PL a changes over time 
with a changing number of concurrent users. Where the packet has a priority equal 
to or greater than PL a , the packet is transmitted. Otherwise it is selectively discarded 
25 or suspended for a period of time. Where the packet is suspended, it is suspended 
until the MBR drops down enough due to the elapsed time (during which the 
average bit rate goes down), or until the load of the interface decreases. Where a 
packet's priority is less than PL a , it is typically discarded in time sensitive situations, 
such voice packets. 

3 o Essentially, with increasing load (N/N max ), the allowed priority level 

PL a increases and reduces the number of packets that are allowed to be transmitted. 
Therefore, users with higher established priorities (i.e., higher NBR or due to 
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moderate transmission rates) have a relatively greater chance of having their data 
packets transmitted successfully. Therefore, those who are willing to pay for a 
higher NBR receive a higher quality of service. The boundary condition is reached 
when the number of wireless users reaches its maximum (N=N max ), wherein the 
5 allowed priority should be larger than the highest possible priority level. This 
prevents new users from entering data packets onto the data channel, so that the 
signal-to-noise ratio decreases below the minimum level required for existing 
connections. 

In order to obtain an understanding of the invention, the operation of 
10 a priority-based quality of service such as SIMA is required. The realization and 
benefits of a SIMA network may be determined in a manner described herein and in 
copending U.S. Patent application, Serial No. 08/821,273 entitled "Nominal Bit Rate 
Network Service", filed on March 20, 1997, which is assigned to the assignee of the 
instant application, the contents of which are incorporated herein by reference. 
15 Nevertheless, a general description of the SIMA nominal bit rate (NBR) concept that 
is suitable for purposes of the present invention is provided below. 

Referring now to Fig. 4, there is shown a general methodology for 
transmitting information between a user/network interface and a network over an 
NBR service connection. Initially, a user negotiates or selects 140 a nominal bit rate 
2 o with the network operator, which may be performed prior to, or at the time of, 
establishing the connection. In one embodiment, the user informs the network 
operator that a desired NBR is required, and the requested connection bandwidth is 
allocated to the user. The network operator, in accordance with this embodiment, 
need not perform the task of analyzing current network load conditions existing at 

2 5 the core network nodes prior to establishing or releasing an NBR connection. In an 

alternative embodiment, the network operator performs the task of determining 
network load status prior to establishing or releasing an NBR connection, although 
this task may not be necessary in a properly dimensioned network supporting an 
NBR service. 

3 o Depending on a particular application, the user selects 142 a real-time 

or a non-real-time network connection. The process of determining the priority level 
(PL) of each cell, which indicates the importance or criticality of the cell relative to 
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other cells, involves measuring 144 the actual or measured bit rate (MBR) of the 
selected real-time or non-real-time connection at the UNI. The priority level of each 
cell is determined 146 at the UNI. In one embodiment of the invention, a ratio of the 
MBR and the NBR is used to determine 146 the PL. 
5 After computing the priority level of each cell at the UNI, the cells 

are transmitted 148 to the network, such as to a node of the network. A network 
node, upon arrival of a cell transmitted from the UNI, performs a cell filtering 
process by which the node determines whether to accept or discard a particular cell. 
The cell filtering process involves determining 150 the state of one or more buffers 

10 or memories of the network node to determine a buffer or memory occupancy level. 
The node accepts or discards 152 a cell based on the priority level of the cell and the 
state of the node buffer. Cells that meet the filtering criteria determined at the node 
are accepted, buffered, and eventually transmitted 154 to another node in the 
network or another network in a manner consistent with the expected quality of 

15 service for the connection. 

Concerning the embodiment illustrated in block diagram form in Fig. 
5, there is shown a user 120 that employs a UNI 124 to communicate with a network 
130. The user 120 negotiates a nominal bit rate with the network operator 122. The 
network operator 122 evaluates the user's NBR request based on a number of 

2 o factors, including the NBR negotiated with other users 1 20, the number and nature 

of different connections associated with other users of the network, and other factors 
affecting network capacity and traffic flow. In principle, NBR can be zero, in which 
case all cells communicated through the UNI 124 are given lowest priority within 
the network 130. The value of NBR may also be greater than the transmission 
25 capacity at the UNI 124. If the value of NBR is significantly greater than the 

transmission capacity, for example, all cells transmitted from the UNI 124 are given 
highest priority within the network 130. It is noted that the priority level of a cell as 
defined herein has meaning within a network or a number of networks that embraces 
the NBR service concept. Cells that traverse beyond a network that offers an NBR 

3 o service, such as by use of an network/network interface (NNI), may be processed in 

accordance with the traffic management strategy employed by such other network. 
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In contrast to conventional network services which are designed to 
provide a guaranteed quality of service, the network operator 122 does not guarantee 
the continuous availability of the user negotiated NBR. A properly dimensioned 
network, however, should provide adequate bandwidth to virtually ensure, although 
5 not guarantee, the availability of an established NBR. It is noted that all users who 
are transmitting data with an equivalent NBR encounter approximately the same 
quality of service. 

Having established an NBR with the network operator 122, the user 
120 is permitted to communicate information to a desired destination 136 via the 

10 network 130. A measuring unit 126 measures the actual or instantaneous bit rate 
(i.e., MBR) of each cell communicated between the UNI 124 and the network 130. 
Prior to departure of a cell from the UNI 124, a priority level computing unit 128 
determines a priority level for the cell using the negotiated NBR and the MBR. In 
accordance with one embodiment, one of eight priority levels may be attributed to a 

15 given cell. The priority level computing unit 128 determines the priority level of a 
particular cell by computing a ratio of MBR to NBR. The priority level determined 
by the computing unit 128 is assigned to the cell which is then transmitted from the 
UNI 124 to the network 130. 

The UNI 124 transmits the cell, which contains priority level 

20 information, to a node of the network 130, such as node A 132. The node A 132 

accepts or discards the cell received from the UNI 124 based on the priority level of 
the cell and the buffering capacity of node A 132. In general, as the occupancy of the 
buffer or memory of node A 132 increases (i.e., becomes more filled), cells having a 
lower priority (i.e., higher priority level value) are discarded in favor of accepting 

25 cells having a higher priority (i.e., lower priority level value). As the occupancy 
level of the buffer of node A 132 decreases (i.e., becomes less filled), the node A 132 
becomes increasingly tolerant toward accepting cells of lower priority (i.e., higher 
priority level values). Cells that are buffered in node A 132 are subsequently 
transmitted to another node in the network 130, such as node B 134, or other network 

30 and, ultimately, to an end-destination 136. 

The exemplary network 130 used for purposes of this description is 
depicted as a network having two intermediary nodes 132 and 134. These nodes 
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represent network data communications elements such as routers, switches and 
multiplexers. However, as will be appreciated by those skilled in the art, the present 
invention may likewise be implemented in various multi-node network structures 
such as multipoint, star, ring, loop and mesh network topologies used in networks 
5 ranging from local area networks (LAN) to proliferative global area networks 
(GAN) such as the Internet. 

Figures 6-8 illustrate a procedure for scheduling and buffering cells in 
accordance with one embodiment of an NBR service methodology. Referring now 
to Fig. 6, a user establishes 160 an NBR with a network operator. It may be 

10 desirable, although not required, to initially set the service class 162 to a non-real- 
time (nrt) service class as a default setting. Depending on a particular application, 
the user may require a real-time (rt) service class 164, which may be set by the user 
directly or, typically, by the user's application or communications software. If the 
user requires a real-time connection, each cell transmitted from the user's UNI will 

15 have the service class bit in the cell header set to indicate that the pay load of the cell 
contains real-time information 170. It is noted that within the context of a network 
implemented in accordance with the NBR concept of the present invention, real-time 
service class connections are expected to support virtually any real-time application 
without the need to specify particular cell transfer delay (CTD) and cell delay 

20 variation (CDV) parameters. As such, the conventional procedure of setting CTD 
and CDV bits of the cell header to appropriate values to accommodate the real-time 
service requirements of the connection is altogether obviated. 

If the user does not require a real-time service connection, the default 
non-real-time service class condition remains operative. As such, the rt/nrt service 

2 5 class bit of each cell header is set to indicate that the payload of the cell includes 
non-real-time information 166. It is noted that the NBR service disclosed herein 
does not utilize the cell loss priority (CLP) scheme used by conventional ATM 
traffic management approaches. As such, the CLP bit in the cell header may instead 
be used to discern between real-time and non-real-time pay loads. 

30 In the above described embodiment, each cell transmitted over a 

connection is designated as either a real-time cell or a non-real-time cell, such as by 
appropriately setting the rt/nrt service class bit of the cell header. In an alternative 
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embodiment, depending on a user's requirements, a connection may be designated as 
being either a real-time or non-real-time connection, and the cells communicated 
over such a connection need not be individually assigned a real-time or non-real- 
time status. Each node for a given connection, for example, may perform a table 
look up procedure upon arrival of a cell at the node to determine whether the cell is 
associated with a real-time or a non-real-time connection. Thus, in accordance with 
this embodiment, a cell header bit need not be reserved for distinguishing between 
real-time and non-real-time cells. 

After the rt/nrt service class header bit has been set in the above- 
described manner, the actual bit rate of a particular cell to be transmitted between the 
UNI and the network is measured 174. Since, in practice, the actual bit rate may be 
subject to significant variability over time, a measuring unit of the UNI employs an 
averaging measuring principle to determine the actual or instantaneous bit rate, 
MBRj. 

In general, the UNI measures 174 the actual bit rate of a cell, such as 
cellj, by approximating the actual or instantaneous bit rate of the connection within a 
measuring period having a duration that is appropriate for the particular connection 
(e.g., a real-time or non-real-time connection). The present invention provides for 
the measurement of the instantaneous bit rate, MBRj. 

Having determined 174 the measured bit rate, MBRj of the i:th cell, 
the priority level of the i:th cell is computed using the measured bit rate, MBRj, and 
the nominal bit rate, NBR. In accordance with one embodiment, it is assumed that a 
cell may be distinguished from other cells using a cell prioritization scheme that 
employs eight priority levels. In order to indicate which of the eight priority levels 
is attributed to a particular ceil, each cell allocates three bits for this purpose. 

In accordance with current ATM specifications, an ATM cell is 
specified as a unit of transmission having a fixed-size frame consisting of a 5 -octet 
header and a 48-octet payload. It is appreciated that the necessity to allocate three 
bits in the cell header for the purpose of designating cell priority level may require 
utilization of currently defined ATM header bits. By way of example, it may be 
possible to utilize the current Generic Flow Control (GFC) field which constitutes a 
total of four bits. In this case, three bits may be allocated for designating cell 
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priority level and one bit may be designated as the rt/nrt service class bit. It may be 
possible, in accordance with another embodiment, to allocate other header bits for 
the purpose of indicating one of eight priority levels and rt/nrt service class by 
deviating from the five-octet header ATM specification. 
5 As such, other header bits may be redefined to represent cell priority 

level and service class designations. Alternatively, one or more bits required to 
specify cell priority level and/or service class may be situated outside of the 
currently defined ATM cell header. The need to make a minor modification to the 
existing ATM cell header definition is significantly offset by the substantial 
10 advantages offered by employing the NBR service scheme of the present invention, 
such as a significant reduction in network and traffic management overhead and 
complexity. 

It is understood that the number of priority levels may be less than 
eight or greater than eight. By way of example, if it is assumed that four cell header 

15 bits are allocated for purposes of indicating a cell's priority level, as many as 2 4 (i.e., 
2"" bits ) or 16 priority levels may be defined. Increasing the number of priority levels 
within the context of an NBR service permits the network operator to make finer 
adjustments to the bandwidth of a particular connection when managing network 
traffic. The price for this finer level of traffic control is the additional cell header bit 

20 or bits needed to resolve a greater number of priority levels. 

A priority level computing unit determines 176 the priority level of 
each cell, such as cell;. In accordance with one embodiment of the present invention, 
and assuming that the measured bit rate is MBR/ when the i:th cell is transmitted to 
the network, the priority level (PLJ of cellj may be calculated using the following 

25 equation: 
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jc = 4.5 + 



InjMBRjNBR) 
ln(2) 



0 



'7 



ifx>l 
if0<x<7 , 
ifx<0 



[1] 



5 where, |_*J represents the integer part of x. The present invention provides for the 
determination of cell priority levels (PLj) using a buffer-based cell measurement and 
priority level assignment technique. 

As will be discussed hereinbelow in accordance with an embodiment 
in which both NBR and traditional ATM service connections are accommodated, the 
10 zero priority level, PL = 0, is reserved for those connections that use an ordinary 
ATM service with guaranteed bandwidth and quality of service. Accordingly, 
Equation [1] above may be modified so as to produce cell priority levels ranging 
between PL = 1 and PL = 7, such that [xj represents the integer part of x, if 1< x < 
7. 

is It can be seen by application of Equation [ 1 ] above that if a 

connection is exploiting network capacity in excess to the connection's negotiated 
NBR value, the priority level of cell; is at least 4. It can further be seen that if the 
momentary bit rate at the UNI is less than the negotiated value of NBR, PL is at 
most 4. The priority level scheme in accordance with this embodiment of the 

2 o present invention thus permits adjustment of the relative capacity used by a 

connection in steps of 2. From Equation [1] above, it can be seen that for an NBR of 
100 kbit/s, an MBR higher than 566 kbit/sec results in a PL of 7, and an MBR lower 
than 8.8 kbit/s results in a PL of 0. 



2 5 each ATM cell transferred from the UNI. The ATM cells are then transmitted 1 80 
to targeted network nodeSj identified by node addressing information provided in the 
cell header. 



the connection, the user may elect between at least three alternatives. First, the user 



The three priority level bits allocated in the cell header are set 178 for 



It is noted that if a user is not satisfied with the quality of service of 
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may elect to keep the average bit rate unchanging, but reduce the variation of traffic 
process. Second, the user may elect to decrease the average bit rate, or to increase 
the nominal bit rate. Increasing the NBR will, however, generally result in a 
concomitant increase in cost for a higher speed connection. Finally, the user may 
5 change the network operator. 

In Fig. 7, there is illustrated in flow diagram form a general 
methodology by which a network node processes cells containing priority level 
information received from a UNI in accordance with one embodiment of the present 
invention. Figure 8 illustrates an embodiment of various components of a network 

10 node employed to effectuate the methodology illustrated in Fig. 7. It is assumed that 
a cell, such as cellj, has been processed at a UNI and includes priority level 
information derived in a manner described hereinabove. 

Cellj is transmitted from the UNI to a network node and is received at 
a filter 188 of the node. A memory manager 189 checks the status 181 of the 

is memory 190 in order to determine the occupancy in the memory 190. The memory 
manager 189 determines 182 the allowable priority level (PL a ) based on the 
occupancy state of the memory 190. In general, the memory manager 189 
establishes a high allowable priority which translates to a low allowable priority 
"level," for example PL a = 0 or 2, when the occupancy level of the memory 190 is 

2 o high (i.e., few available memory locations). When the memory manager 1 89 
determines that the memory 190 has ample capacity for receiving new cells, the 
memory manager 189 establishes a low allowable priority which translates to a high 
allowable priority "level," for example PL a = 6 or 7. As will be appreciated by those 
skilled in the art, the calculation of PL a could alternatively be based on unoccupied 

25 buffer capacity rather than on buffer occupancy without departing from the spirit of 
the invention. 

If the priority level of cellj is greater than the allowable priority level, 
PL a , as determined 1 83 by the memory manager 1 89, the filter 1 88 discards 1 84 cellj. 
If, on the other hand, the priority level of cellj is equal to or less than the allowable 
30 priority level PL a , the filter 188 accepts 185 cellj. The memory manager 189 

coordinates the transfer 186 of cell; to the memory 190 and updates an index table 
191 coupled to the memory manager 189 to include a new index table entry for 
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newly accepted cellj. In one embodiment, the index table 191 stores the location of 
the accepted cellj in the memory 190, and also stores a cell-type indicator which 
specifies whether cellj is a real-time cell or a non-real-time cell. As such, the 
memory 190 may store both real-time and non-real-time cells. 

The memory manager 189, in cooperation with the index table 191, 
manages cell transfer operations from the memory 190 to the output of the memory 
190 by giving preference to the real-time cells over the non-real-time cells. By way 
of example, the memory manager 189, upon determining the presence of both rt- 
cells and nrt-cells stored in the memory 190, transfers all of the rt-cells to the output 
of the memory 190 prior to transferring out any of the nrt-cells. 

As illustrated in Fig. 9, a memory manager 189 can determine the 
status of a real-time buffer (rt-buffer) 193 and a non-real-time buffer (nrt-buffer) 
194. The memory manager 189 determines, in a manner similar to that previously 
described, the allowable priority level, PL a , for the filter 188 based on the status of 
the rt-buffer 193 and the nrt-buffer 194. If the priority level of cell; is greater than 
the allowable priority level, PL a , the filter 1 88 discards cellj. If, on the other hand, 
the priority level of cell; is equal to or less than the allowable priority level, PL a , cellj 
is accepted. 

The network node may apply a buffer filtering scheme which 
performs the filtering function based on packets of cells, rather than on individual 
cells. By way of example, the filtering procedure described hereinabove may be 
applied to the first cell of each packet. If the first cell is discarded by the node, then 
all of the cells of the packet following the first cell are discarded as well. If, 
however, the first cell of a packet is accepted, then the priority of all other cells 
belonging to that packet may be increased, for example by changing the priority 
level from PL = 5 to PL = 3. A gain of even one priority level, such as from PL = 4 
to PL = 3, is believed to be sufficient to ensure that there will only be very few 
partially transmitted packets. 

A cell-type detector 192 receives the accepted cell, cellj, from the 
filter 1 88 and determines whether cell; is an rt-cell or an nrt-cell. As discussed 
previously, the header of cell; includes a header bit, such as the CLP bit, which 
indicates whether or not cell; is an rt-cell or an nrt-cell. The cell-type detector 192, 
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upon determining the service class type of the cell;, transfers the cellj to either the rt- 
buffer 193 or the nrt-buffer 194. In a manner similar to that described previously 
with respect to FIGS. 7 and 8, the memory manager 189 coordinates the output of rt- 
cells and nrt-cells respectively from the rt-buffer 193 and the nrt-buffer 194, giving 
5 preference to the rt-cells. 

It may be desirable, for purposes of enhancing network expansion and 
traffic control, to request that each user of the network purchase a maximum NBR. 
The maximum NBR value is intended to remain substantially constant. In addition, 
it may be desirable to request that each user select an appropriate instantaneous 

10 NBR, which should be no greater that the selected maximum NBR. The selection of 
an appropriate instantaneous NBR generally involves a compromise between price 
and quality of service. The service quality detected by a user depends largely on 
three parameters, namely the NBR, the average bit rate, and the amount of traffic 
variations. Although a user may change any of these parameters, the only 

15 information that the network needs to know at the initiation of cell transmission is 
the NBR and the service class (real-time or non-real-time) of the connection. 

A SIMA service which provides for both NBR and traditional ATM 
services requires that the network operator dedicate a UPC device for each 
conventional ATM connection, or possibly for each virtual path. All of the cells 

2 o transmitted using traditional ATM service connections are designated with the 

highest priority of PL = 0 and with a real-time (rt) service class designation. In 
accordance with this approach, the zero priority level is reserved for those 
connections that use an ordinary ATM service with guaranteed bandwidth and 
quality of service. Accordingly, the priority determination Equation [1] above is 
25 modified so as to produce cell priority levels ranging between PL = 1 and PL = 7, 
such that j_jcj represents the integer part of x, if 1< x < 7. It is noted that if the 
network operator wants to mark excessive cells as CLP=1 cells, those cells may be 
marked with a lower priority, such as PL = 6, for example. 

A point of possible incompatibility with traditional ATM technology 

3 o involves the necessity of three bits for each ATM cell for the determination of cell 

priority, or two bits if the current cell loss priority, CLP, bit in the cell header is 
used. In addition, one bit is needed to distinguish between real-time and non-real- 
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time connections. The rt/nrt service bit may be, but is not required to be, included in 
every cell. It may be possible to utilize the current Generic Flow Control (GFC) 
field which constitutes a total of four bits. In this case, three bits may be allocated 
for designating cell priority level and one bit may be designated as the rt/nrt service 
5 class bit. 

While the implementation of SIMA networks as described above is 
directed to distributed networks such as the Internet, the present invention applies 
the principals of SIMA to the allocation of radio resources for data packets in other 
communications systems, such as a CDMA communications system. The present 

10 invention addresses these issues, and is described below in connection with a 

CDMA-based communication system that transmits packets of data. As will become 
increasingly clear from the ensuing description, this is especially advantageous for 
use in third generation mobile cellular networks. Upon analysis of the following 
description, those skilled in the art will appreciate that the principles of the present 

15 invention can be applied to other packet-based data communications, such as local 
area networks (LANs), communications between mobile stations, and other network 
systems that may utilize a CDMA communications interface. The following 
exemplary embodiments are therefore provided for illustrative purposes, however 
the present invention is not limited thereto. 

2 o The following diagrams provide various implementation 

embodiments in accordance with the present invention. In these embodiments, a 
cellular network is used to illustrate the principles of the invention. It is also 
assumed for purposes of the following description that the transmission uplink 
(Mobile Station to Base Transceiver Station) and transmission downlink (Base 
25 Transceiver Station to Mobile Station) are operating at different frequency bands. 
However, it is also possible that transmission can occur in both directions in a 
common frequency channel. 

Referring now to FIG. 10, a CDMA cellular network 200 capable of 
incorporating the present invention is illustrated. A portable computing device 202 

3 o represents a Mobile Station (MS) which is capable of communicating information to 

and from the trunking network 204. The trunking network 204 typically includes a 
Base Transceiver Station (BTS) 206 and other components of the fixed cellular 
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network 208. Data packets are transmitted between the MS 202 and the trunking 
network 204 using CDMA technology enhanced by the priority principles of the 
present invention. 

FIG. 1 1 illustrates an example of a data packet 210 that includes at 
5 least a portion of the data to be transmitted between the MS and the network. The 
packet 210 includes a payload portion 211 representative of the data to be 
transmitted. The payload may be accompanied by some type of header 212 that 
provides protocol control information. In accordance with the present invention, cell 
priority bits are provided in priority field 213 in addition to, or alternatively as an 

1 o integral part of, a header field 212. 

FIG. 12 is a flow diagram of one embodiment of a process for 
selectively allocating data packet transfers over a wireless interface operating under 
a CDMA protocol in accordance with the present invention. A general process is 
depicted by dashed blocks, and a more detailed example process is incorporated into 
is the more general process for illustrative purposes. 

The present invention includes establishing 216 a nominal bit rate 
(NBR). It is this parameter that defines the quality of service provided the particular 
user. In one embodiment, the user selects 217 a relative priority corresponding to a 
desired target bit rate, which corresponds to the established NBR. The cost of this 

2 o connection is established 2 1 8 based on the selected relative priority. For example, 

selection of a high priority NBR will be priced higher than a relatively lower priority 
NBR. 

A relative priority is then calculated 219. In one embodiment of the 
invention, this involves measuring 220 the bit rate (MBR) to determine the 
25 instantaneous, actual bit rate at the CDMA interface, and calculating 221 the priority 
level (PL) which will be assigned to the corresponding data packets. The PL is 
based on a relationship between the MBR and the NBR, as will be discussed in more 
detail below. 

The calculation of the MBR may be performed in accordance with bit 

3 o measurement schemes known in the art. Further, a moving average method may be 

used. At the arrival of the i-th data packet, it is possible to use Equations [2] and [3] 
below. First, a load p is calculated using Equation [2]: 
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p,j ={\-a)i,'.j p u _,+a [2] 

where Aty is the time between data packets j and j-1 of the connection i, a is a 
parameter that defines the time constant of the measurement, and L y is the length of 
the data packet j . This defines the load that is then used with the following equation 
for determining the measured bit rate: 

MM _£Mlz4 [3] 



In another embodiment, a measuring scheme for use with variable 
length packets is provided by Equation [4] below. A variable for each class, real- 
10 time (M t ) and non-real-time (M 2 ) packets, is updated each time a new packet j is 
presented to the interface: 

M i0 ) = M 4 0-l)-e .+| Q RU) ^ [4] 

where: j indicates the packet number; S(j) represents the size of the packet j (e.g., in 
bytes); RO) is the delay class of the packet (e.g., 1 for real-time and 2 for non-real- 

15 time), At is the time duration between packets j-1 and j (e.g., in milliseconds); and x k 
is the measuring period of delay class k (e.g., in milliseconds). In addition, a 
common variable is provided that measures the entire load of all delay classes (M 0 ), 
which can provided by the following equation: 

M 0 U) = M 0 U-l)-e-*" T °+SU)/T 0 [5] 

20 Constant x 0 could be relatively long compared to x, and x 2 . For example, x 0 = 1 

second, x, = 5 milliseconds, and x 2 = 50 milliseconds. The measured rate (in kbits/s) 
when the packet arrives is then provided by Equation [6] below: 

MBRU) = 8 • [p\ • M 0 (J) + (1 - p\ ) • M R(j) (j)) [6] 
where p o is the weighting constant for common measurement (M 0 ), 0 < p o < 1 (e.g., 
25 0.5). Po needs to be large enough, otherwise a user would get extra benefit from 
sending packets to several delay classes at the same time. Equation [6] can be 
applied to as many delay classes as needed. 
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The packet priority currently allowed on the CDMA interface is then 
calculated, as seen at block 222. In one embodiment, this calculation is 
accomplished by determining 223 the number of users currently using the interface, 
and determining 224 the maximum number of users allowed on the interface. The 
5 maximum number of users allowed is based on the signal-to-noise ratio (SNR) of the 
CDMA interface. When a number of concurrent users would cause the noise in the 
common CDMA channel to prohibit satisfactory transmission of the desired signal, 
the number of users is excessive. In this case, the maximum number of users (N max ) 
must be set below this threshold such that the SNR is not prohibitively elevated. 

io The load of the CDMA connection is calculated 225 based on the 

ratio of users to the maximum number of users allowed. An allowable packet 
priority for the CDMA interface is assigned 226 such that any data packets meeting 
this allowable priority threshold will be allowed to access the wireless interface. 
Packets including such an acceptable priority are therefore transmitted 227 via the 

is wireless interface. In one embodiment, this decision involves comparing 228 the 
packet priority to the allowable packet priority of the interface. Where the packet 
priority is greater than or equal to the allowable priority the packet is transmitted 
229; otherwise it is not. Where the packet is not transmitted, the transmission can be 
temporarily suspended, or the packet can be discarded as seen at block 230. 

2 o The invention thus provides for the measurement of an actual, or 

"measured" bit rate (MBR), determination of a priority level PL using the ratio of 
the MBR to the established NBR, and acceptance or suspension (or discarding) of 
the packet depending on the load of the CDMA interface. In a first embodiment of 
the invention, a "centralized" implementation is described, wherein these cell 

25 priority functions are centrally located in the network portion of the system, such as 
the trunking network in the present example. 

FIGS. 13A and 13B are flow diagrams illustrating a manner of 
providing CDMA-transmitted data packets in the uplink direction (MS to BTS) in a 
centralized, priority-based, packet management system. In this embodiment, the 

30 BTS incorporates the required priority analysis functionality (e.g., SIMA 
functionality). 
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Referring first to FIG. 13 A, a flow diagram is provided that illustrates 
the activity at the MS for uplink transmissions in a centralized implementation. The 
MS waits until there is data available for output transmission, as seen at block 240. 
When data is ready to be output, the MS transmits 242 a request to the trunking 
network requesting a data transfer. The data packet being transmitted may be of a 
fixed or variable length, and in the case of variable length packets, the request may 
include an indication of the length of the data packet to be transmitted. This 
indication can be accomplished using an indication message sent in a signalling 
channel. 

In one embodiment of the invention, the length of the packet is sent 
to the trunking network so that in the centralized implementation, the network 
element, such as the BTS, can calculate the MBR. This facilitates one goal of the 
centralized scheme, which is to centrally locate SIMA functions and calculations, 
and furthermore, other necessary information such as the number of users, the S/N 
ratio, etc. is already present at the trunking network portion. 

Block 244 indicates that the MS will wait to receive a response from 
the trunking network with respect to whether or not the data packet may be 
transmitted. The MS transmissions are therefore suspended until the trunking 
network authorizes the data packet to be transmitted, whereby the authorization 
dependent upon the load conditions of the CDMA interface. 

Turning now to FIG. 13B, the trunking network waits 246 until a 
request for packet transmission is received from the MS. The bit rate at the trunking 
network is measured 248 to determine the instantaneous actual bit rate of the 
connection. The measurement of a connection's actual bit rate may be accomplished 
as previously described in connection with the SIMA system, or may alternatively 
be determined in other manners known in the art without departing from the scope 
and spirit of the invention. 

The priority level PL for the particular packet is then calculated 250 
at the trunking network based on the relationship between the MBR and the 
established NBR. The number of priority levels used depends on the priority 
variation desired by the user, and on the number of bits available to store the priority 
level. In one embodiment of the invention, one of eight priority levels may be 
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attributed to a given cell. A priority level computing unit such as a processing 
device, arithmetic logic unit, or the like determines the priority level of a particular 
cell by computing the ratio of MBR to NBR. Such a computation was previously 
described in connection with Equation [1]. 
5 The connection load is then computed 252 using the following 

equation: 

L = N/N max [7] 

10 where L represents the load, N represents the current number of users occupying the 
CDMA connection, and N max represents the maximum number of users allowed for 
the CDMA connection. Using the load of the CDMA interface, the allowed priority 
level PL a can be determined 254. One manner of calculating the PL a includes 
dividing the total number of potential users into various ranges, where each range 

15 corresponds to a particular allowed priority level. This is illustrated in Table [1] 
below, assuming eight priority levels: 



CDMA 


ALLOWED PRIORITY 


CONNECTION LOAD 


LEVEL 


0:L/7 


7 


L/7 2L/7 


6 


2L/7 : 3L/7 


5 


3L/7 : 4L/7 


4 


4L/7 : 5L/7 


3 


5L/7 : 6L/7 


2 


6L/7 1 


1 



TABLE 1 



where a lower "allowed priority level" value correlates to heavier load conditions, 
and allows only higher priority data packets to be transmitted. It should be 
recognized that while the allowed priority levels listed above are detemined by way 
of a linear division of the number of users, this is not required. 
2 5 Another example of calculating the PL a includes the following 

equation: 
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PL a = Int\*[\ - j = Int[%{\ - L)\ [8] 

which divides the load L into eight ranges and yields corresponding PL a values. 
"Int" indicates that the integer portion of the value is retained. It should be 
recognized that this type of equation can be applied to any desired number of 
5 allowed priority level ranges. 

When the allowed priority level of the CDMA connection and the 
priority level of the particular data packet have been determined, a comparison 256 
is made to determine whether the priority level (PL) of the data packet is less than 
the allowed priority level (PL a ) of the CDMA connection. In this example, a lower 

10 priority level "value" represents a higher priority (e.g., PL=0 represents highest 
packet priority, PL=7 represents lowest packet priority). If PL is not less than PL a 
(i.e., PL is greater than or equal to PLJ, this indicates that the data packet will be 
allowed on the CDMA interface, and an affirmative response is sent to the mobile 
station as depicted at block 258. Where PL is less than PL a , this indicates that the 

15 data packet will not be allowed on the CDMA interface, and a negative response is 
sent to the mobile station as depicted at block 260. The trunking network continues 
to monitor for other data packets as indicated by the return lines from blocks 258, 
260 to block 246. It should, however, be recognized that various steps of this flow 
diagram can be effected in parallel. 

2 o Either an affirmative or negative response is sent to the mobile 

station, as indicated by link "A" 262 of FIG. 13B. Returning to FIG. 13A, link "A" 
262 provides the response to the mobile station's request for the data packet 
transmission. As previously described, the MS will wait to receive a response from 
the trunking network with respect to whether or not the data packet may be 

2 5 transmitted as seen at block 244. When either an affirmative or negative response 

has been provided, the mobile station determines 264 whether the response was an 
affirmative response, and if not, the system optionally waits a predetermined period 
of time as seen at block 266. This waiting period may be fixed, random, or based on 
a predetermined algorithm. This optional suspension of activity continues until the 

3 o measured bit rate drops enough due to the elapsed time (during which the average bit 

rate decreases), or until the load of the radio interface decreases. If the packet has 
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not become obsolete and is therefore still valid as determined at block 268, the 
request is again sent 242. Where the data is time sensitive and therefore is no longer 
valid following the predetermined time period, the packet is discarded 270. An 
example of such a time sensitive data packet is a voice packet that, after expiration 
5 of one or more of the predetermined time periods, should no longer be transmitted. 

Where it is determined 264 that the trunking network provided an 
affirmative response, the packet is transmitted 272 to the trunking network. This is 
illustrated via links "B" 274 of FIGS. 13A and 13B. FIG. 13B illustrates in block 
276 that the trunking network waits to receive data packets following its 

10 transmission of an affirmative response to the mobile station's request for data 

transmission. When the data is received 276 at the trunking network, the data packet 
is processed 278 to complete the data packet transfer. 

FIGS. 13A and 13B illustrated a manner of providing CDMA- 
transmitted data packets in the uplink direction (MS to BTS) in a centralized, 

15 priority-based, packet management system. FIGS. 14A and 14B illustrate the 
downlink transmission (BTS to MS) in a centralized, priority-based, packet 
management system in accordance with the present invention. In the centralized 
implementation of FIGS. 14A and 14B, there is no need for signaling between the 
MS and BTS as was required in the uplink direction, because all of the functions are 

2 o performed in the trunking network. Therefore, in the case of a downlink 

transmission in a centralized system of the present invention, the MS simply 
monitors the traffic channel and receives packets when transmitted by the trunking 
network. The centralized implementation therefore involves a trunking network 
which implements priority-based packet functions, such as the priority functionality 
25 provided by a SIMA system, where the mobile station makes transmission requests 
and transmits data on the CDMA interface only when permitted. 

Referring now to FIG. 14 A, a flow diagram is provided which 
illustrates the activity at the trunking network for downlink transmissions in a 
centralized implementation. The trunking network waits 300 until a data packet is 

3 o received which is to be transmitted to the MS. The MBR of the connection is 

measured 302 using the length of the packet to determine the instantaneous actual bit 
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rate of the connection. Manners of calculating the MBR have been previously 
discussed. 

The priority level PL for the particular packet is calculated 304 at the 
trunking network based on the relationship between the MBR and the established 
5 NBR, as previously described. The connection load is again calculated 306 using 
Equation [7] above, where L represents the load, N represents the current number of 
users occupying the CDMA connection, and N max represents the maximum number 
of users allowed for the CDMA connection. Using the load of the CDMA interface, 
the allowed priority level PL a can be calculated 308. 

io When the allowed priority level of the CDMA connection and the 

priority level of the particular data packet have been determined, a comparison 310 
is made to determine whether the priority level (PL) of the data packet is less than 
the allowed priority level (PLJ of the CDMA connection. If PL is less than PL a 
(i.e., PL is greater than or equal to PLJ, the data packet is not allowed on the CDMA 

15 interface, and the system optionally waits 312 a predetermined period of time, 
whether fixed, random, or based on a predetermined algorithm. This optional 
waiting period continues until the measured bit rate drops enough due to the elapsed 
time (during which the average bit rate decreases), or until the load of the radio 
interface decreases. If the packet has not become obsolete and is therefore still valid 

20 as determined at block 3 14, the bit rate is again measured 302 to ultimately 
determine 310 whether the packet can be transmitted. Where the data is time 
sensitive and therefore is no longer valid following the predetermined time period, 
the packet is discarded 316. Where PL is not less than PL a , the data packet is 
transmitted 318. 

2 5 FIG. 1 4B is a flow diagram illustrating the activity at the mobile 

station for downlink transmissions in a centralized implementation. For downlink 
transmissions in a system having priority functions centralized in the trunking 
network, no signaling between the MS and the trunking network (BTS) is required. 
The MS simply waits 320 until a data packet is received, and processes 322 the data 

30 packet accordingly. 

In another embodiment of the invention, a "distributed" 
implementation is described, wherein the cell priority functions are distributed 
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between the trunking network and the mobile station. Where the priority-based 
acceptance of packets is based on SIMA principles, the MS attempts to perform as 
many SIMA functions as possible rather than performing all of the SIMA functions 
at the trunking network as in the case of the centralized implementation. One 
5 primary advantage of the distributed implementation is the reduction in signaling 
messages between the MS and the trunking network. 

FIGS. 15A and 15B are flow diagrams illustrating a manner of 
providing CDMA-transmitted data packets in the uplink direction (MS to BTS) in a 
distributed, priority-based, packet management system. In this embodiment, the MS 

10 and the BTS share the responsibility of performing the SIMA functions, such as 
measurement of the MBR, determination of the packet priority level PL using the 
ratio of the MBR to the established NBR, and acceptance or suspension (or 
discarding) of the packet depending on the load of the CDMA interface. 

Referring now to FIG. 15 A, a flow diagram is provided which 

15 illustrates one manner in which the mobile station performs a portion of the priority- 
based, packet selection functions during data uplink transmissions. MS 
transmissions are idle until data is available to be sent to the trunking network, as 
seen at block 400. In this distributed embodiment, the MS, rather than the trunking 
network, measures 402 the bit rate (MBR). Based on the MBR and established 

2 o NBR, the MS calculates 404 the priority PL for the particular packet. 

Meanwhile, the trunking network determines the allowed priority 
level PL a from the channel load, and transmits the PL a using a signaling channel as 
seen in FIG. 15B. While this function could be performed in the MS as well, this 
would require that the MS monitor the number of users on the radio interface, which 
25 is more complicated in a CDMA system. On the other hand, the trunking network is 
already aware of the number of concurrent users occupying the connection. The 
trunking network, by way of the BTS, preferably transmits 406 the PL a continuously 
or at regular intervals over the signaling channel. Alternatively, the BTS can 
transmit 406 the PL a upon request by the MS, although the more straightforward 

3 o approach is through continuous or periodic transmissions. In the case of periodic 

transmissions of PL a , the BTS waits 408 a predetermined time between PL a 
transmissions. 
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Returning to FIG. 15 A, the MS receives 410 the PL a from the BTS, 
and performs a comparison 412 of the priority level (PL) of the data packet and the 
allowed priority level (PL a ) of the CDMA connection. If the PL is less than PL a 
(i.e., PL is greater than or equal to PLJ, the MS does not allow the data packet to be 
transmitted on the CDMA interface, and the system optionally waits 414 a 
predetermined period of time, whether fixed, random, or based on a predetermined 
algorithm. This optional waiting period continues until the measured bit rate drops 
enough due to the elapsed time or until the load of the radio interface decreases. If 
the packet has not become obsolete and is therefore still valid as determined at block 
416, the MS again measures 402 the bit rate to ultimately determine 412 whether the 
packet can be transmitted. Where the data is time sensitive and therefore is no 
longer valid following the predetermined time period, the packet is discarded 418. 
Where the PL is not less than PL a , the MS transmits 420 the data packet. 

The BTS waits until the MS has transmitted 420 the data packet, as 
seen at block 422 of FIG. 15B. Once the MS has transmitted 420 the packet, and the 
BTS has received 422 the packet, the trunking network processes 424 the data 
packet. 

The embodiment of FIGS. 15A and 15B illustrate how the signaling 
can be reduced to simply broadcasting the PL a from the BTS to the mobile stations 
operating in connection with the BTS. If connection capacity is available depending 
on the particular nominal bit rate associated with a particular mobile station, the 
mobile station simply begins to transmit the data packets, and no complicated 
control mechanisms are required in the cellular network to allocate wireless 
resources. 

The downlink transmissions for the distributed implementation 
involves execution of the priority-based selection functions at the trunking network. 
Therefore, the uplink mainly utilizes the MS to execute the priority-based selection 
functions, the BTS performs most, if not all, of these selection functions for dowlink 
transmissions. More particularly, the embodiment illustrated in FIGS. 14A and 14B 
can be used for downlink transmissions of the distributed system. 

FIG. 16 is a block diagram illustrating one embodiment a mobile 
station and trunking network capable of providing CDMA-transmitted data packets 
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in the uplink direction (MS to BTS) in a distributed, priority-based, packet 
management system. This particular embodiment is capable of accomplishing the 
general flow illustrated in FIGS. 15A and 15B, and represents the shared 
responsibility in performing the SIMA functions. As will be readily apparent to 
5 those skilled in the art from the description of FIGS. 13 A, 13B, 14A, 14B, 15 A, 15B 
and 16, a similar structure can be applied in the case of a centralized implementation 
- the difference being the location of the structure. For example, for the centralized 
implementation described in FIGS. 13A, 13B, 14A and 14B, many of the functions 
shown in FIG. 16 to be performed by the mobile station are instead performed at the 

10 trunking network. 

In FIG. 16, the mobile station (MS) 500 includes functionality 
capable of making a determination as to whether the data packet can be transmitted 
to the trunking network, depending on the priority level of the packet and the 
allowed priority level of the CDMA connection. MS transmissions are idle until 

is data is available to be sent to the trunking network, at which time the data packet 
502a becomes available. A bit rate measurement unit 504, a priority level (PL) 
calculation unit 506, a comparator 508 and a timer 510 perform many of the priority- 
based functions required. Some or all of these functions can be realized using 
discrete circuitry, or alternatively can be accomplished using a processor 512. 

20 In this distributed embodiment, the MS, rather than the trunking 

network, measures the bit rate (MBR) at the bit rate measurement unit 504. Based 
on the MBR and established NBR stored in memory 505, the MS calculates the 
priority PL for the particular packet at the PL calculation unit 506. The PL 
calculation unit 506 uses the ratio of the MBR and the established NBR to determine 

25 the PL, and in one embodiment, it is calculated using Equation [1] above. 

The allowed priority level PL a is calculated at the trunking network 
520 in the distributed implementation. A memory 522 stores the number N of users 
occupying the CDMA interface, and the maximum number N max of users allowed on 
the CDMA interface such that a predetermined signal-to-noise ratio is not exceeded. 

3 o The load calculation unit 524 calculates a current load condition of the CDMA 

interface based on a ratio of the number N of users occupying the CDMA interface 
and the maximum number N max of users allowed on the CDMA interface. The load 
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calculation unit 524 converts the load condition to an allowed priority level PL a 
indicative of the priority level of a packet that is required to gain access to the 
CDMA interface. 

The mobile station 500 receives the allowed priority level as shown 
5 on signal line 514. The signal is provided to the comparator 508 to be compared 
with the PL from the PL calculation unit 506. If the PL is high enough to surpass 
the allowed packet priority threshold, the output enable 516 is activated by an output 
signal of the comparator 508. In this case, the data packet 502a is transmitted from 
the mobile station 500 as represented by data packet 502b. 

io If the PL does not reach the allowed packet priority threshold, the 

output enable 516 is not activated, and a timer 510 is initiated. After a 
predetermined time period, the timer allows the enable circuit 518 to pass 
subsequent PL a signals to the comparator 508. This can repeat until the PL a 
decreases to a point that the PL can be output from the mobile station. Alternatively, 

15 the data packet 502a can be discarded after repeated attempts, or can be discarded 
immediately upon recognition that the PL had not reached the allowed packet 
priority threshold. 

From analysis of the distributed embodiment of FIG. 16, those skilled 
in the art can appreciate an analogous embodiment for the centralized embodiment. 

2 o For example, a more centralized embodiment may incorporate the bit rate 
measurement unit 504, the memory 505, the PL calculation unit 506 and the 
comparator 508 into the trunking network. Furthermore, the centralized 
embodiment discussed in connection with FIGS. 13 A, 13B, 14A and 14B include 
additional circuitry, such as a transceiver, to accomplish the signalling for the data 

2 5 packet transmission request and request response. Such transmitters and receivers 

(or transceivers) are known in the art and need not be described further here. 

It will, of course, be understood that various modifications and 
additions can be made to the various embodiments discussed hereinabove without 
departing from the scope or spirit of the present invention. For example, the present 

3 o invention contemplates the use of a CDMA radio interface that transports data 

packets, including voice, video, data or other digitized information. For illustrative 
purposes, the CDMA interface of the present invention is described in the context of 
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a cellular network in the aforementioned diagrams for illustrative purposes, however 
the CDMA interface according to the present invention is not limited thereto. The 
invention is equally applicable to other CDMA interfaces, including the mobile 
station and cellular trunking network, local area networks (LANs), two mobile 
5 stations, and the like. Furthermore, the particular functions identified in the 

distributed embodiment described may modified to redistribute the responsibilities 
among the trunking network and the mobile communication units without departing 
from the scope and spirt of the invention. Accordingly, the scope of the present 
invention should not be limited by the particular embodiments discussed above, but 
10 should be defined only by the claims set forth below and equivalents thereof. 
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WHAT IS CLAIMED IS: 

1 . A method for selectively allocating data packet transfers over a 
5 wireless interface operating under a Code Division Multiple Access (CDMA) 

protocol, comprising: 

establishing a nominal bit rate for each of a plurality of users having 
access to the CDMA interface; 

calculating a relative packet priority for each of the data packets 
10 based on an actual bit rate of a packet source at the CDMA interface and the nominal 
bit rate established for the corresponding one of the users; 

determining an allowable packet priority for the CDMA interface 
based on a signal-to-noise ratio of the CDMA interface; and 

transmitting those of the data packets having a relative packet priority 
15 greater than or equal to the allowable packet priority of the CDMA interface. 

2. The method of Claim 1 , further comprising measuring a rate of bit 
transmission of the data packet entering the CDMA interface to determine the actual 
bit rate of the data packet transmission. 

20 

3 . The method of Claim 1 , further comprising assigning a priority value 
representive of the relative packet priority to each of the corresponding data packets 
at the time of transmission of the data packets. 

25 4. The method of Claim 3 , further comprising storing the priority value 

as part of a header in the data packet. 

5 . The method of Claim 1 , wherein calculating a relative packet priority 
comprises: 

3 o measuring an actual bit rate of the data packet transmission from the 

source at the CDMA interface; and 
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calculating the relative packet priority as a ratio of the actual bit rate 
to the established nominal bit rate. 

6. The method of Claim 1 , wherein calculating a relative packet priority 
5 is performed according to the equation: 



ln(2) 



7 " ifx>l 
[_x\ if0<x<7 
0 ifx<0 



where, MBRj represents the actual bit rate of the i:th data packet transmitted over the 
CDMA interface, NBR represents the established nominal bit rate, [x] represents an 
integer portion of x, and PL\ represents the relative priority level of the i:th data 
packet transmitted over the CDMA interface. 

7. The method of Claim 1 , wherein the nominal bit rate established with 
respect to a particular user is proportional to a quality of service cost payable by the 



8 . The method of Claim 1 , wherein determining an allowable packet 
priority comprises: 

determining a number of users occupying the CDMA interface; 

determining a maximum number of users allowed on the CDMA 
interface such that a predetermined signal-to-noise ratio is not exceeded; 

calculating a current load condition on the CDMA interface based on 
a ratio of the number of users occupying the CDMA interface and the maximum 
number of users allowed on the CDMA interface; 

partitioning a range of possible load conditions into a plurality of the 
allowable priority levels; and 
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assigning the allowable priority level corresponding to the calculated 
current load condition as the current allowable priority level for the CDMA 
interface. 

9. The method of Claim 8, wherein partitioning the range of possible 
load conditions comprises linearly apportioning the range of possible load 
conditions into the plurality of the allowable priority levels. 

1 0. The method of Claim 8, further comprising comparing the relative 
packet priority to the allowed packet priority to determine which data packets may 
be transmitted in accordance with the predetermined signal-to-noise ratio. 

1 1 . The method of Claim 1 0, further comprising discarding the data 
packets having a relative packet priority less than the allowable packet priority of the 
CDMA interface. 

12. The method of Claim 10, further comprising suspending transmission 
of the data packets having a relative packet priority less than the allowable packet 
priority of the CDMA interface. 

1 3 . The method of Claim 1 2, wherein suspending transmission of the 
data packets comprises disallowing transmission of the data packets for a 
predetermined time period. 

14. The method of Claim 13, further comprising repeatedly determining 
the allowable packet priority for the CDMA interface upon a lapse of the 
predetermined time period, and transmitting the data packets if the relative packet 
priority reaches or exceeds the allowable packet priority of the CDMA interface. 

15. A method for selectively allocating data packet transmission over a 
wireless interface implementing a Code Division Multiple Access (CDMA) 
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protocol, for data packet transmission from a mobile communication unit (MCU) to 
a trunking network, the method comprising: 

transmitting a transmit request signal from the MCU to the trunking 
network via a signalling channel; 

providing a request response from the trunking network to the MCU 
indicative of whether the trunking network permits the data packet transmission, 
comprising: 

establishing a nominal bit rate for each of a plurality of users 
having access to the CDMA interface; 

calculating, at the trunking network, a relative packet priority 
for each of the data packets based on an actual bit rate at a source at the 
CDMA interface and the nominal bit rate established for the corresponding 
one of the users; 

calculating, at the trunking network, a current allowable 
packet priority for the CDMA interface based on a signal-to-noise ratio of the 
CDMA interface; 

comparing, at the trunking network, the relative packet 
priority for each of the data packets to the current allowable packet priority 
of the CDMA interface; and 

setting the request response to indicate whether the data 
packet has a sufficiently high relative packet priority to gain access to the 
CDMA interface; and 

receiving the request response from the trunking network at the 
MCU, and transmitting the data packets to the trunking network if the request 
response indicates that the relative packet priority is sufficiently high to gain access 
to the CDMA interface. 

1 6. The method of Claim 15, wherein transmitting a request signal 
further comprises transmitting a length of the data packet to be transmitted. 

1 7. The method of Claim 1 6, wherein calculating the relative packet 
priority comprises a step for performing a calculation of the actual bit rate. 



00/25483 



PCT/US99/17850 



1 8 . The method of Claim 1 5 , wherein calculating a current allowable 
packet priority for the CDMA interface comprises: 

determining a number of users occupying the CDMA interface; 

determining a maximum number of users allowed on the CDMA 
interface such that a predetermined signal-to-noise ratio is not exceeded; 

calculating a current load condition on the CDMA interface based on 
a ratio of the number of users occupying the CDMA interface and the maximum 
number of users allowed on the CDMA interface; 

partitioning a range of possible load conditions into a plurality of the 
allowable priority levels; and 

assigning the allowable priority level corresponding to the calculated 
current load condition as the current allowable priority level for the CDMA 
interface. 

19. The method of Claim 1 8, further comprising comparing the relative 
packet priority to the current allowed packet priority to determine which data 
packets may be transmitted. 

20. The method of Claim 1 9, further comprising: 

suspending transmission of the data packets having a relative packet 
priority less than the current allowable packet priority of the CDMA interface for a 
predetermined time period; 

repeatedly determining the current allowable packet priority for the 
CDMA interface upon expiration of the predetermined time period; and 

transmitting the data packets if the relative packet priority reaches or 
exceeds the current allowable packet priority of the CDMA interface. 

21. A method for selectively allocating data packet transmission over a 
wireless interface implementing a Code Division Multiple Access (CDMA) 
protocol, for data packet transmission from a trunking network to a mobile 
communication unit (MCU), the method comprising: 
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establishing a nominal bit rate for each of a plurality of users having 
access to the CDMA interface; 

calculating, at the trunking network, a relative packet priority for each 
of the data packets based on an actual bit rate of a source at the CDMA interface and 
5 the nominal bit rate established for the corresponding one of the users; 

calculating, at the trunking network, a current allowable packet 
priority for the CDMA interface based on a signal-to-noise ratio of the CDMA 
interface; 

comparing, at the trunking network, the relative packet priority for 

1 o each of the data packets to the current allowable packet priority of the CDMA 

interface; and 

transmitting the data packets from the trunking network to the MCU 
if the relative packet priority of the data packets is equal to or greater than the 
current allowable packet priority of the CDMA interface. 

15 

22. The method of Claim 21, wherein calculating the relative packet 
priority comprises a step for performing a calculation of the actual bit rate. 

23 . The method of Claim 2 1 , wherein calculating a current allowable 

2 o packet priority for the CDMA interface comprises: 

determining a number of users occupying the CDMA interface; 

determining a maximum number of users allowed on the CDMA 
interface such that a predetermined signal-to-noise ratio is not exceeded; 

calculating a current load condition on the CDMA interface based on 
25 a ratio of the number of users occupying the CDMA interface and the maximum 
number of users allowed on the CDMA interface; 

partitioning a range of possible load conditions into a plurality of the 
allowable priority levels; and 

assigning the allowable priority level corresponding to the calculated 

3 o current load condition as the current allowable priority level for the CDMA 

interface. 
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24 . The method of Claim 2 1 , further comprising : 

suspending transmission of the data packets having a relative packet 
priority less than the current allowable packet priority of the CDMA interface for a 
predetermined time period; 

repeatedly determining the current allowable packet priority for the 
CDMA interface upon expiration of the predetermined time period; and 

transmitting the data packets if the relative packet priority reaches or 
exceeds the current allowable packet priority of the CDMA interface. 

25 . The method of Claim 2 1 , further comprising discarding the data 
packets having a relative packet priority less than the current allowable packet 
priority of the CDMA interface. 

26. A method for selectively allocating data packet transmission over a 
wireless interface implementing a Code Division Multiple Access (CDMA) 
protocol, for data packet transmission from a mobile communication unit (MCU) to 
a trunking network, the method comprising: 

establishing a nominal bit rate for each of a plurality of users having 
access to the CDMA interface; 

calculating, at the MCU, a relative packet priority for each of the data 
packets based on an actual bit rate of a source at the CDMA interface and the 
nominal bit rate established for the corresponding one of the users; 

calculating, at the trunking network, a current allowable packet 
priority for the CDMA interface based on a signal-to-noise ratio of the CDMA 
interface; 

transmitting the current allowable packet priority from the trunking 
network to the MCU via a signalling channel; 

comparing, at the MCU, the relative packet priority for each of the 
data packets to the current allowable packet priority of the CDMA interface; and 

transmitting the data packets from the MCU to the trunking network 
if the relative packet priority is equal to or greater than the current allowable packet 
priority at the CDMA interface. 
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27. The method of Claim 26, wherein calculating a current allowable 
packet priority for the CDMA interface comprises: 

determining a number of users occupying the CDMA interface; 

determining a maximum number of users allowed on the CDMA 
interface such that a predetermined signal-to-noise ratio is not exceeded; 

calculating a current load condition on the CDMA interface based on 
a ratio of the number of users occupying the CDMA interface and the maximum 
number of users allowed on the CDMA interface; 

partitioning a range of possible load conditions into a plurality of the 
allowable priority levels; and 

assigning the allowable priority level corresponding to the calculated 
current load condition as the current allowable priority level for the CDMA 
interface. 

28. The method of Claim 26, further comprising: 

suspending transmission of the data packets having a relative packet 
priority less than the current allowable packet priority of the CDMA interface for a 
predetermined time period; 

repeatedly determining the current allowable packet priority for the 
CDMA interface upon expiration of the predetermined time period; and 

transmitting the data packets if the relative packet priority reaches or 
exceeds the current allowable packet priority of the CDMA interface. 

29. A system for selectively allocating data packet transfers over a 
wireless interface operating under a Code Division Multiple Access (CDMA) 
protocol, for data packet transmission between one or mobile communication units 
(MCU) and a trunking network, the system comprising: 

a memory to store a nominal bit rate indicator assigned to each 
potential connection of the CDMA interface; 
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a bit rate measurement unit to receive a data packet ready for 
transmission via the CDMA interface and to measure the bit rate at which the data 
packet will be transmitted; 

a packet priority level calculation unit coupled to receive the 
5 measured bit rate and the nominal bit rate indicator, and to calculate a packet priority 
level for the data packet in response thereto; 

a comparator coupled to receive the packet priority level, and to 
receive an allowable packet priority level corresponding to the packet priority level 
required to access the CDMA interface, and to output an enable signal indicative of 
10 whether or not the packet priority level is greater than the allowable packet priority 
level; and 

an output register to enable transmission of the data packet when the 
enable signal indicates that the packet priority level is greater than the allowable 
packet priority level. 

15 

30. The system as in Claim 29, further comprising: 

a timer circuit coupled to the comparator to receive the enable signal, 
and to effect a predetermined time delay when the enable signal indicates that the 
packet priority level is not greater than the allowable packet priority level; and 
20 an input enable circuit coupled to the timer to allow input of a current 

state of the allowable packet priority level, and coupled to the comparator to allow 
further comparisons of the packet priority level of the data packet and the allowable 
packet priority level. 

25 31. The system as in Claim 29, further comprising: 

a memory to store a number N of users occupying the CDMA 
interface, and to store a maximum number N max of users allowed on the CDMA 
interface such that a predetermined signal-to-noise ratio is not exceeded; and 

a load calculation unit coupled to receive N and N max , and calculate a 
3 o current load condition based on a ratio of N and N max , and to convert the load 
condition into the allowable packet priority level. 
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32. The system as in Claim 3 1 , wherein the bit rate measurement unit, the 
packet priority level calculation unit, and the comparator are implemented in the 
MCU. 

5 33. The system as in Claim 3 1 , wherein the bit rate measurement unit, the 

packet priority level calculation unit, and the comparator are implemented in the 
trunking network. 

34. The system as in Claim 33, further comprising a transceiver in each 
10 of the MCU and the trunking network, wherein the tranceiver in the MCU transmits 
a request signal to the trunking network via a signalling channel, the transceiver in 
the trunking network receives the request signal and transmits a request response to 
the MCU indicative of whether the packet priority level of the data packet is greater 
than the allowable packet priority level, and the transceiver in the MCU receives and 
15 routes the request response to the output register to enable transmission of the data 
packet when the request response indicates that the packet priority level is greater 
than the allowable packet priority level. 
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